This PDF document was made available from www.rti.org as a public service of RTI International. More information about RTI Press can be found at http://www.rti.org/rtipress. RTI International is an independent, nonprofit research organization dedicated to improving the human condition by turning knowledge into practice. The RTI Press mission is to disseminate information about RTI research, analytic tools, and technical expertise to a national and international audience. RTI Press publications are peer-reviewed by at least two independent substantive experts and one or more Press editors.
Introduction
In a presentation at Columbia University at the dawn of the present century, Nobel prize-winning scientist Richard Smalley (2003) concluded that the most important issue and greatest challenge facing humanity is energy. There are myriad reasons for this conclusion, not the least of which is the centrality of energy availability to contemporary living standards. Rather than assuming the topic of energy to constitute a single issue, though, we can view the topic as multifaceted, encompassing dimensions as diverse as production technology, efficiency improvement trends, and human behavior, all of which currently pose concerns for researchers and policymakers. Scientific and technological questions related to energy supply, distribution, and storage are undoubtedly critical, and academic literature related to energy has focused substantially on those issues (e.g., Davis, 2011) . Nonetheless, we also need to know more about individual and household-level energy demand. Citizen behavior and support for energy policy initiatives will affect how and to what extent the United States and other countries are able to address energy challenges (Hegedus & Temple, 2011) . Understanding citizen energy consumption behavior requires that we assess public understanding of energy. We know that individual behavior likely is a function, at least in part, of human cognition regarding energy; behavioral scientists tend to agree that volitional behavior is a function of intention, which itself is affected by ideas about the behavior in question (see Fishbein & Ajzen, 2010, for discussion) . Moreover, insofar as democracies rely on informed decision making by citizens, public understanding of energy also constrains possibilities for policymaking. In other words, public conceptualization of energyrelated issues likely will be vital into the foreseeable future both as a political force and as a factor affecting actual consumption patterns. Despite this logic, we have scant social science evidence regarding current public understanding of energy in the United States.
We do know that, objectively measured, Americans' understanding of science in general has not been particularly robust in recent decades. Miller (2004) , for example, reviewed respondent performance on science understanding questions in the National Science Board's Science and Engineering Indicators studies across a 40-year span. While the ability to describe what it means to study something scientifically (in response to an open-ended question) improved modestly from the late 1950s through the late 1990s, at best only roughly a fifth of respondents appeared to have a clear understanding of the importance of experiments or other rigorous study design methods to the scientific approach. Knowledge of common scientific constructs is also far from universal in the US. As recently as the late 1990s, Miller notes, less than 15 percent of respondents to National Science Board studies could correctly explain what a molecule is.
What much of the available public understanding of science work does not do, however, is offer extensive, nationally representative insight as to Americans' specific understanding of energy per se. Studies that attempt to link science knowledge to other constructs, such as predictions of science perceptions or explanations as a function of educational attainment, often rely on broad knowledge indices that span various domains. Nisbet and colleagues (2002) , for example, employed a 14-item science knowledge measure that included a diverse array of National Science Board questions about how lasers work, the relative size of electrons and atoms, the efficacy of antibiotics to kill viruses and bacteria, and whether the Earth goes around the Sun or vice versa, among other topics. We lack substantial empirical evidence of the extent of Americans' understanding of energy science.
Certainly, researchers have produced social science evidence relevant to energy. Some public opinion work, for example, has focused on specific policy issues or political controversies such as new power plant construction (Ansolabehere & Konisky 2009; Bolsen & Cook, 2008) . Other survey efforts, such as the Residential Energy Consumption Survey conducted by the Energy Information Administration of the US Department of Energy, have focused on describing actual consumption patterns. What these peer-reviewed studies typically have not done, however, is to assess US consumers' comprehension of energy facts or their ability to engage and interpret utility bill information, areas of citizen knowledge related to what some have labeled "energy literacy" (e.g., DeWaters & Powers, 2011; Sovacool, 2011) . (Aside from peer-reviewed literature, some past nonprofit foundation reports have begun to look at public understanding of energy, e.g., National Environmental Education & Training Foundation and RoperASW, 2002, and we build on that work here.)
The exact importance of specific knowledge and understanding from a public policy perspective is subject to debate. People are clearly capable of forming opinions about various scientific topics in the absence of substantial factual knowledge; Scheufele and Lewenstein's (2005) work, for example, illustrates how people make sense of emerging technologies such as nanotechnology by relying on existing and available mental heuristics to make judgments about novel information. Much recent work, e.g., Krosnick, Holbrook, Lowe, and Visser, (2006) , has focused on popular beliefs about the political importance of climate change that are not necessarily equivalent with knowledge of scientific research on the topic. Insofar as popular support for scientific research matters politically, survey research to measure such dimensions of public opinion is logical. What such research often does not do is assess the nature, complexity, and adequacy of citizens' grasp of specific scientific constructs in a way that might offer insights for future public education and intervention.
In light of these gaps in existing literature, we sought both to assess current consumer knowledge regarding energy and to understand how that knowledge corresponds to perceived understanding of energy among a sample of US residents. Building on past research on energy knowledge with high school students (DeWaters & Powers, 2011), we developed an 11-item energy knowledge index and administered that measure to a nationally representative sample of US householders. We also assessed the extent to which Americans could interpret and use information presented on a prototypical household energy bill to answer questions about energy consumption. We then compared patterns in demonstrated knowledge against respondents' own reported assessment of their ability to understand the topic of energy. Lastly, we predicted various knowledge outcomes as a function of demographic variables.
Methods

Procedure
We developed a 30-minute survey instrument using original and existing items related to energy consumption, knowledge, attitudes, and behaviors, an instrument called the Energy Behavior, Knowledge, and Opinions Survey (Murphy et al., 2011) . The survey assessed a wide array of household energy behaviors, energy perceptions, and beliefs about energy; the key outcomes and predictors relevant to this paper are outlined in the Key Measures section below.
To assess potential problems that respondents might face in completing the questionnaire, we utilized RTI International's Question Appraisal System (QAS). The QAS is an instrument review methodology that assists in evaluating problems that often plague items within an instrument, such as vague reference periods, incomplete instructions on how to answer a question, and the use of technical terms that a respondent may not understand (Willis & Lessler, 1999) .
After the QAS review, we held cognitive interviews with homeowners and renters, mirroring procedures that would be followed when the survey was fielded. Participants logged into a test site and answered the survey questions on the web, and the interviewer stopped the participant on occasion to discuss the questions and probe further to understand how he or she interpreted the question or came up with that answer. The interviews assessed the cognitive burden of questions, detected questions that were unclear to respondents, and measured overall impressions and reactions to the survey instrument. Findings from the cognitive interviews led to further revisions to the instrument.
The target population for the survey consisted of noninstitutionalized adults age 18 or older residing in the United States. Knowledge Networks sampled households from its KnowledgePanel, a probabilitybased web panel designed to be representative of the United States. Staff administered the survey via the web from September 28, 2011, to October 13, 2011.
The final sample (N = 816) included participants from 49 states plus the District of Columbia, which helped to ensure that results were not unduly affected by state variability in tiered pricing or other billing norms. (Rhode Island did not contribute a survey participant, but the statistical chance of such contribution from the panel was close to zero given that the state contributes less than 1 percent of the national population.)
Only those who first consented to complete the energy survey participated. Also, only those who deemed themselves to be the most knowledgeable in their household about energy were invited to participate. Participants received incentive credits (not redeemable for cash, but equivalent to $5 in value from participating vendors) for their participation.
To combat potential bias effects of nonresponse among those invited to participate, Knowledge Networks sent three rounds of e-mail reminders to those not responding (all during the field period). Response to survey invitation was reasonably high. Knowledge Networks obtained a completion rate of 59.1 percent, meaning that about 6 in 10 from their sample completed the survey screener. Of those who completed the screener, 80.7 percent were eligible for the survey. Among eligibles, 94.6 percent, or 816, consented and completed the survey. (Further documentation regarding general KnowledgePanel sampling, data collection procedures, and weighting is available at http://www.knowledgenetworks.com/ knpanel/index.html.)
Key Measures
Rather than attempting to assess a single, allencompassing indicator, we pursued an array of specific measures that reflect the range of energy information interpretation tasks in which people engage in on a daily basis. This decision reflects our claim that public understanding of energy is multifaceted and might be operationalized in several ways that will not perfectly co-vary. Specifically, we measured three concepts: perceived understanding of energy, demonstrated energy knowledge, and the ability to interpret an energy bill. All questions were closed-ended with multiple choice responses.
Perceived Understanding of Energy
Prior to asking about factual knowledge and the ability to interpret numbers presented on a bill, we asked respondents for a summary judgment of the extent to which people similar to them can understand the general topic of energy. We adapted a measure from previous work on public understanding of science by Southwell and Torres (2006) to assess perceived understanding of energy. Using a five-point scale, we asked respondents the extent to which they agreed or disagreed with the following statement: "Energy is a topic that people like me can understand. " Responses ranged from "strongly agree" to "strongly disagree. "
Energy Knowledge
To assess actual energy knowledge, we developed an index using items drawn and adapted from a bank of 38 energy knowledge items constructed by DeWaters and Powers (2011). We consulted with a range of academic energy experts as well as officials at the US Department of Energy and incorporated expert feedback into the questions. Using 2008-2009 survey data from 1,211 New York high school students made available by DeWaters and Powers, we also assessed the short (11-item) and full (38-item) indices in terms of their shared linear relationship and found Pearson r = .84 (p < .001) for the two index versions. 
Energy Bill Interpretation Ability
In light of the importance of consumer understanding of household bill information (Payne, 2000) , we included three tasks related to interpretation of a hypothetical energy bill formatted to appear as a typical bill and displayed as a graphic figure in the questionnaire. See Figure 1 on the following page for a depiction of the bill.
For example, we asked, "Using this month's energy usage total, if the average rate was $0.12/KWH, what would the month's charges be (before taxes or the renewable energy rider)?" and offered a series of multiple choice responses (including the correct response). We also computed an index (ranging from zero to three) of total correct responses across the three questions. Table 2 provides the questions asked, the correct answers, and the percentage responding correctly. 
Analysis
In our Results section, we report frequencies and multivariate relationships to address the following research questions:
• Do Americans believe energy is a topic they can understand? What characteristics are associated with a higher level of perceived understanding?
• How well do Americans fare on a test of energy knowledge? What characteristics are associated with higher scores, and how does knowledge relate to performance?
All results reflect use of a post-stratification weighting variable developed post hoc by Knowledge Networks to adjust for potential response bias relative to a national adult population. Demographics included in the multivariate models include educational attainment, income, age, US geographic region, sex, housing type, home ownership, and whether the respondent lives in a metropolitan statistical area (MSA).
For prediction of perceived understanding, we used logistic regression to predict the agreement that a respondent could understand energy as a topic (using a 3 or higher on the 5-point scale as an affirmative response) as a function of demographic variables (including education, income, age, sex, residential ownership, and metropolitan statistical area status). For the model used to predict the energy knowledge score, we included perceived understanding as a predictor, along with demographic variables, and used ordinary least squares (OLS) regression. For the model predicting the energy bill interpretation score, we included both perceived understanding and the energy knowledge index score as predictors, along with demographic variables, in an OLS regression model. The final models employed backward selection; only predictors significant at the p < .05 level were retained. (For example, sex was included as initial predictor in analysis for all models but was dropped from the final model predicting bill interpretation as it did not garner a significant coefficient.)
Results
Perceived Understanding
Most respondents reported that people like them can understand energy. Approximately 79 percent either agree or strongly agree that energy is a topic that "people like me" can understand. Controlling for other factors in a multivariate logistic regression model predicting agreement with the perceived understanding statement, educational attainment (ranging from less than high school to a bachelor's degree or more) predicted perception of understanding, ranging from a low of 70 percent for those with less than a high school degree to 87 percent for those with a bachelor's degree or higher. (All categories of respondents differed in perceived understanding in comparison with those with a bachelor's degree or more, p < .05.) This suggests those with more formal education are more likely to think that energy is topically accessible for people like themselves. In addition, those whose household income was between $50,000 and $99,999 were significantly less likely to agree that people like them understand energy than were those with a household income of $100,000 or more (76 percent vs. 90 percent, p = .0074). Males were more likely to report that people like them can understand energy than females (86 percent vs. 74 percent, p <.0001). Table 3 provides the full model results.
Energy Knowledge
Actual performance on the energy knowledge assessment reflected a different view of the extent to which respondents understand energy. Most respondents answered less than 60 percent of the knowledge items correctly. In other words, when tested regarding their energy knowledge, more than half of all respondents essentially failed the test. The median score on the 11-item energy knowledge index was 6 (with mean = 5.80 and SD = 2.48), meaning half of all respondents scored less than 55 percent on the test. (Scores ranged from 0 correct to 11 correct among respondents and were normal in their distribution.)
At the level of individual knowledge items, as shown in Table 1 , performance ranged considerably. A high of 85 percent correctly identified the sun as "the original source of energy for almost all living things, " whereas a low of 31 percent correctly identified "turning off the car engine when the car is stopped for 15 seconds or more" as the action that always saves energy.
Accurate knowledge varied considerably across respondents as well. In a multivariate ordinary least squares regression model predicting the energy knowledge index score, educational attainment, household income, and sex were significant predictors (as with perceived understanding). Scores on the index also increased significantly by age, ranging from 5.3 for 18-to 29-year-olds to 6.1 for those 60 or older. Homeowners fared better than those who did not own their home (6.2 vs. 5.0, p = .0003), and those outside of metropolitan areas fared better than those within MSAs (6.2 vs. 5.7, p = .0046). Perceived understanding was also significantly associated with the energy knowledge index score, with those believing energy is something people like them can understand faring better on the knowledge test (6.1 vs. 4.7, p < .0001). Table 4 provides the full model results. Note: Analysis used backward selection; only variables garnering a significant coefficient in a full model are included here.
Energy Bill Interpretation Ability
Although a relatively high percentage of respondents (81 percent) successfully completed at least one of the three bill interpretation tasks, only 27 percent of respondents completed all three tasks correctly. Scores on the bill interpretation task index ranged from zero to three (with a mean score of 1.67, median = 2, and SD = 1.07). Roughly 70 percent of respondents correctly completed one of the tasks involving computation of a month's charges using a different rate than was posted on the hypothetical bill depicted in the survey (Table 2) , whereas only 39 percent and 63 percent, respectively, completed the other two tasks accurately.
The multivariate model suggests that the ability to interpret an energy bill also appears to be associated with educational attainment and, to a lesser extent, income. Those living in a single-family home were more likely than others to score higher on bill interpretation (1.8 vs. 1.3, p < .0001). A higher score on the energy knowledge index also predicted the ability to interpret an energy bill, with an average bill interpretation score ranging from 0.8 for those with an energy knowledge index score between 0 and 2 (inclusive), to 2.3 for those scoring between 9 and 11. Table 5 provides the full model results.
Discussion
A substantial proportion of survey respondents agreed that energy as a topic is generally accessible for people like themselves. What our results also suggest, however, is that there is a gap between perception and the reality of energy knowledge. Our results suggest that many people do not know key facts about energy use and consumption. That is particularly true at lower levels of formal education. Moreover, while many respondents demonstrated at least some capacity to interpret energy bill information, most people were not able to accurately complete all three of the tasks we posed.
What these results suggest is that we have available at least three distinct constructs related to public understanding of energy: perceived topical understanding, knowledge of energy facts, and the ability to interpret practical energy utility information such as household energy bills. While some of these constructs co-vary, the three variables clearly do not vary in lockstep. Perceived understanding of energy and overall energy bill interpretation ability, for example, did not demonstrate a statistically significant relationship, when controlling for other factors.
Investigating the extent to which any of these constructs is a useful predictor of energy behavior would be a justifiable task for future research. It might be the case that one or more of these variables matters in predicting and explaining energy-related behavior, despite the lack of strong relationships between the three variables themselves. Moreover, we need to know more about the genesis of each variable. Formal education, for example, appears to have been more predictive of factual knowledge and bill interpretation than is the case for perceived understanding, suggesting that factors other than formal education can bolster US residents' perceptions of their own knowledge and understanding.
Our results are constrained by measurement factors, such as the exact questions employed for the knowledge index and bill interpretation tasks, and sampling factors. For example, while we developed the energy knowledge index through a rigorous process that included analysis of existing data, consultation with US Department of Energy officials and academic experts, and internal question wording assessment, the index included a limited set of energy concept items. Many of the items focused on household electricity usage, for example, and the questions likely varied in difficulty (as evidenced by item-level variation in aggregate respondent success).
Future research might focus on even more specific subcategories of energy; such specific topical focus could represent an important next step in assessing what people know and do not know about energy.
As for variation in item difficulty, that variation is not a major concern because the measure is an index of energy knowledge items that are added together (and not a scale in which all items are assumed to be interchangeable alternative measures that can be averaged). As a result, variability in item difficulty is reasonable, much as it would be on an academic test. Lastly, because we asked to speak with the most knowledgeable noninstitutionalized adult in a household with regard to energy, our descriptive results may be an overestimate of the perceived energy knowledge of all Americans generally, but they do offer at least a snapshot of what those making decisions about household energy use appear to know. Despite these limitations, our results appear to offer a coherent and useful picture of Americans' general energy knowledge and a foundation for future inquiry.
In sum, these survey results respond to those who have called for work on energy literacy and provide empirical evidence of areas for improvement in energy understanding among US residents. They also offer a nuanced picture of the possibilities for measuring energy understanding. It appears there is a demonstrable gap between perceived understanding and factual knowledge (as well as utility bill interpretation). This pattern suggests that abstract notions such as energy literacy are likely best conceptualized as multifaceted ideas that can be operationalized in multiple ways in future public opinion research depending on the primary research focus of interest.
Our results should generate more than idle methodological pondering, as they hold direct implications for academic, nonprofit, and government action with regard to household energy behavior. Future research and investment intended to improve public understanding of energy will likely succeed or fail in part as a result of tracking (and better understanding the exact roles of) perceived understanding, factual knowledge, and practical skills such as utility bill interpretation. Usefully answering questions about how well Americans understand energy will depend on the theoretical and methodological choices we make regarding what counts as knowledge that matters.
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